A system of computable general equilibrium models for a small open economy  by Bergman, Lars
Mathematical Modelling, VoL 3, pp. 421-.-435, 1982 0270-.0255/821050421-15503.0010 
Printed in the USA. All fights reserved. Copyright © 1982 Pergamon Press Ltd. 
A SYSTEM OF COMPUTABLE GENERAL 
EQUILIBRIUM MODELS FOR A SMALL 
OPEN ECONOMY 
LARS BERGMAN 
Stockholm School of Economics 
Stockholm, Sweden 
and 
International Institute for Applied Systems Analysis 
Laxenburg, Austria 
Abstract--In this article a system of computable general equilibrium models for a 
small open economy is presented. One of the models is intended for analysis of 
"long-run" resource allocation problems. It is a static model in which the economy's 
endowments of capital and labor can be reallocated among the production sectors in 
response to, for instance, changes in world market conditions. The other model is a 
dynamic model, elucidating certain aspects of the economy's development from a 
"short-run" equilibrium in the direction of a "long-run" equilibrium as determined by 
the static model. In the article, the models are also used to analyze the impact on the 
Swedish economy of a 50% increase in the cost of electricity. 
1. INTRODUCTION 
After the pathbreaking study by Johansen [1], the development and application of 
computable general equilibrium models (CGE-models) has become a rapidly growing 
field in economics? Although there is no unambiguous definition of a CGE-model, this 
term is usually applied to aggregated models of growth and structural change in a 
national economy, specified in accordance with the basic notions of Walrasian general 
equilibrium theory. Thus, in CGE-models, prices and quantities of traded goods and 
factors are typically determined simultaneously, and goods and factor markets are 
usually treated as ff they were competitive. Moreover, the structural equations are 
generally derived from assumptions about Optimization behavior and explicit represen- 
tations of technology and preferences. 
A number of publications originating from the IMPACT project band from the World 
Bank c are standard references in this field. Other relevant references, which cover a 
variety of different applications of CGE-models, are Hudson and Jorgenson [6], Kelley 
and Williamson [7], Lloyd [8], Whalley [9] and Zalai [10]. 
The purpose of this study is to present a system of CGE-models especially designed for 
analysis of problems related to national energy policies in a small open economy, i.e., an 
economy with a relatively large trade-exposed sector, but with limited influence in its 
terms of trade. The model-set consists of a static model for projections of "long-run" 
equilibria, and a dynamic model for projection of certain aspects of the economy's 
evolution from a "short-run" equilibrium in the direction of a "long-run" equilibrium. In 
addition, there are a number of variants of the dynamic model which, in turn, can be 
regarded as a variant of the static model. 
~For a brief survey of the field, see Bergman and Por [2]. 
bSee, for instance, Dixon et al. [3]. 
~See, for instance, Adelman and Robinson [4] and de Melo et al. [5l. 
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In Sec. 2, some common features of the models are discussed, while Sec. 3 gives a 
relatively detailed description of the long-run static model. Section 4 deals with the 
dynamic model and gives a brief description of the entire model-set. In Sec. 5, the 
practical implementation f the models is briefly discussed, and in Sec. 6 the results of 
an analysis of the impact of higher electricity costs are presented. Finally, in Sec. 7, an 
alternative specification of the foreign-trade part of the models is discussed. 
2. SOME COMMON FEATURES OF THE MODELS 
All of the models are "real," i.e., there are no financial assets and the exchange rate, 
being the numeraire of the price system, is given exogenously. This also applies to world 
market conditions, domestic technology and preferences, and real public consumption. 
Moreover, the gross savings ratio is determined outside the models. In all models, labor 
supply is given exogenously and in the static model this also applies to the supply of 
capital. 
In the solution to each of the models, a system of equilibrium relative prices of goods 
and the real wage rate are determined, as well as a specific pattern of production, 
consumption, foreign trade, and employment. The static model determines the sectoral 
use of capital, while all variants of the dynamic model determine the sectoral allocation 
of gross investments. 
All product and factor markets are treated as if they were competitive, and relative 
product and factor prices are generally assumed to be flexible enough to clear all 
markets. In some variants of the dynamic model, however, the real wage is determined 
exogenously in all or some periods and consequently the labor market is not necessarily 
cleared. 
In the models a distinction is made between the ex ante  production function and the 
ex post  production function. The ex ante  production function is, in principle, a planning 
concept; it represents the technological constraints which apply in the planning stage 
when new production units are designed. The ex post  production function, on the other 
hand, represents the technological constraints on the operation of existing production 
units. 
The ex ante  technology is assumed to exhibit constant returns to scale, and in each 
sector capital, labor, fuels, and electricity are assumed to be substitutable factors of 
production. The use of manufactured nonenergy inputs, however, is taken to be 
proportional to the output of the sector in which the inputs are used. 
The ex post  production functions may be derived irectly from the ex ante  production 
functions if two assumptions are made. The first is that once capital has been invested in 
a given sector it cannot be reallocated to some other sector. The second assumption is
that once the design (in terms of the use of fuels and electricity per unit of outpu0 of a 
new production unit has been determined, the energy input coefficients are fixed. Thus, 
ex post ,  the use of energy and of nonenergy produced inputs are determined in the same 
way. It should be noted that production units designed in period t can be put into 
operation in period t + 1. 
From the derivation of the ex post  production functions it is clear that they exhibit 
decreasing returns to scale. However, because the ex ante  production function is 
assumed to shift over time due to technical progress, production units of different 
"vintages" must be distinguished in each sector. Consequently, there will be a number of 
ex post  production functions in each sector. 
As it is assumed throughout that the producers' aim is to maximize profits, a dual 
representation f technology is more convenient than the traditional representation in 
terms of production functions. Thus, the ex ante  technology with constant returns to 
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scale can be represented by an ex ante  unit cost function for each sector, and the ex post  
technology can be represented by an ex post  profit function for production units of each 
vintage in each sector. ~ In accordance with Shephard's lemma, the ex ante factor 
proportions that minimize the cost are given by the partial derivatives of the ex ante unit 
cost functions, while Hotelling's lemma (see Varian [11]) suggests that product supply 
and labor demand that maximize the profit in existing production units are given by the 
partial derivatives of the profit functions. 
All of the models describe a small open economy, i.e., an economy facing a 
completely elastic supply of imports at given world market prices as well as exogenously 
given export prices. If such an economy consumes, and can produce, n different 
tradeable goods by means of m factors of production at constant returns to scale, and 
n > m, equilibrium implies that at most m goods will be produced and possibly exported, 
while the difference between domestic consumption and production of nonexport 
tradeable goods will be imported (see Samuelson [12]). Thus, tradeable goods will be 
either imported or exported, but not both. In particular, if there are only two factors of 
production and several tradeable goods, only two goods will be produced at equilibrium. 
It can easily be shown (see Bergman and Por [2], Chap. 2) that if the equilibrium 
solutions to a model with many goods, many factors and technology with returns to scale 
are aggregated to a relatively small number of sectors, the aggregated indices for import 
volumes, import prices, domestic production, and domestic production costs are cor- 
related as if there was a relative-price dependent import function in each aggregated 
sector producing tradeable goods. Thus, even if all types of goods could be produced in 
all countries, each country might, at equilibrium, produce a unique aggregate of goods 
with a given statistical classification. In other words, in a model dealing with large 
aggregates of goods rather than individual products, similar "goods" with different 
countries of origin can be regarded as less than perfect substitutes. 
This observation provides a rationale for incorporating the so-called Armington 
assumption in a CGE-model of a small open economy. According to Armington [13], 
similar goods with different countries of origin are less than perfect substitutes, and 
domestic users of commodities with a given statistical classification actually use a 
mixture (composite) of imported and domestically produced goods with that 
classification. 
The Armington assumption, which is incorporated in most CGE-models of open 
economies, implies that the price indices of domestically consumed composite goods are 
given by the unit cost functions corresponding to the "production" functions defining the 
composite goods. By Shephard's lemma, the "input" of domestically produced and 
imported goods, respectively, per unit of composite goods is given by the partial 
derivatives of the unit cost function for composite goods, with respect o the price of 
goods from the two sources of supply. Thus the import functions are given by the 
product of the domestic demand for composite goods and the "input" of imports per 
unit of composite goods. 
The goods exported from the small country are, of course, the goods imported by the 
rest of the world. Therefore, by applying the Armington assumption to the rest of the 
world, it is possible to obtain relative-price dependent export functions for the small 
country. From the assumption that the economy modelled has a very limited influence 
on export prices, it follows that the absolute values of the export price elasticities 
implied by the Armington export functions should be high. The models presented here 
all contain import and export functions based on the Armington assumption. 
d See Varian [11] for an exposition of the relation between primal and dual representations of technology when 
producers maximize profits. 
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Each model describes an economy with n + 3 production sectors producing n + 3 
goods of which n are tradeables. There is no joint production, and each good is 
produced in one sector only. Thus there is no real distinction between domestically 
produced goods and domestic production sectors. In the following exposition, goods and 
sectors will be denoted interchangeably b i and j. The production sectors are numbered 
from 0 to n + 3, 0 being the sector producing fuels and 1 the electricity-generating sector, 
while n + 1 is a private sector producing nontradeable goods and n + 2 is the public 
sector. There is also a "bookkeeping" sector, n +3 in which different goods are 
aggregated into one single capital good. On the demand side all households are 
represented by an aggregated household sector. 
3. THE LONG-RUN STATIC MODEL e 
This model is intended to be a tool for analysis of long-run resource allocation 
problems. Here, "long-run" simply means that the time horizon is extended far enough 
to make it reasonable to let the ex ante unit cost function represent the technological 
constraints. The equilibrium condition for producers is then that the prices of domestic- 
ally produced goods should be equal to the unit production costs of these goods. 
As a consequence of the assumptions about the technology, the ex ante unit cost 
function can be divided into two parts. The first represents the minimum cost of fuels, 
electricity, capital, and labor per unit of output, while the second represents the 
corresponding cost of nonsubstitutable inputs. In the following, the first part is called 
"the net unit cost function." The producers' equilibrium condition can now be written 
Pi = K~(P~,P° ,  Wi, Rj; t)+ ~_, Pi° a,j + Qjbi; i=0 ,1 . . .n+2,  
i=2 
(1) 
where K*(.) is the ex ante net unit cost function; Pj is the price of output j; p O. the price 
of composite good i; Qj the price of complementary imports used as inputs in sector j; 
Wj the wage rate in sector j; R i the user cost of capital in sector j; and t an exogenous 
shift parameter. The constants aij represent the input of composite good i per unit of 
output in sector j, and bj is the corresponding parameter for input of complementary 
imports in sector j.f 
The heterogeneity of labor is roughly accounted for by an exogenous wage structure, 
i.e., 
Wj=tojW; j=0 ,1 . . .n+2,  (2) 
where W is a general wage index and the toj's are constants. The user cost of capital is 
defined by 
Ri --- Pn+3(Sj + R); j = 0, 1 . . .  n + 2, (3) 
where P,+3 is the price of the aggregated capital good; ~j the rate of depreciation in 
As the static model describes the situation i  one single period, the variables are written without atime-index. 
However, when the exact specifications of a function depend on which particular period is to be analyzed, a 
time-dependent shift parameter is included. 
Complementary imports are only used in the energy sector, i.e., when j = 0, 1. 
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sector j and R the real rate of interest. The price index of capital goods is defined by 
n 
P.+3 ~ D . = P i al, n+3, (4) 
= 
where the coefficients ai.n+3 sum to unity. The equilibrium prices of composite goods are 
given by the unit cost functions of the composites, i.e., by 
O _ M , P ~ ), = 0, 1 n, (5) P i - ~ i (P i ,  i . . .  
where ~i(.) is the unit cost function corresponding to the "production" function defining 
composite good i, and P~ is the exogenously given world market price, in domestic 
currency, of goods with classification i. 
Having now defined all prices and unit cost functions, the derivation of the static 
model is quite straightforward. As the ex ante  technology exhibits constant returns to 
scale, the sectoral production levels are determined from the demand side, where three 
types of demand should be distinguished. There are two types of demand for composite 
goods: intermediate demand and final demand by the household sector. The third type of 
demand is export demand for the production sector outputs. 
By Shephard's lemma and the assumptions about technology, the intermediate 
demand is given by 
L ai'tXh 
when i = 0, 1 
j=O, 1 . . .n+2 (6) when i=2,3 . . .n  
where Xij is the use of composite good i in sector j, and Xj is the gross output in sector j. 
Household emand is given by a function of the following type: 
C ,=C, (Po° . . .P~. . .P~,P~÷, ,E) ;  i=O, l . . .n+l ,  (7) 
where C~ is household emand for good i, E is total household consumption expenditure, 
and the functions C~(.) are derived from the assumption that the household sector will 
maximize the utility budget constraint. 
By Shephard's lemma, the demand for competitive imports is given by 
Mi= o -~F[~oXq+Ci  ; i=0 ,1 . , .n ,  (8) 
i.e., import demand is a function of the prices P~ and PU, and the domestic demand for 
composite goods. Applying the same assumptions for "the rest of the world" thus means 
that export demand is given by functions of the type 
Zi Zi(P,P w" t); i=  1,2 n, (9) 
where Zi is export demand for domestically produced goods with the classification i and 
P~ is the world market price for such goods produced elsewhere. The distinction 
between p'/W and P~ is due to the fact that p/W is normally a f.o.b, price while P~ is 
normally a c.i.f, price. As the home economy is assumed to be small, the use of 
composite goods in the rest of the world is approximately equal to the production in the 
rest of the world. Thus the size of the world market can be represented by the 
exogenous shift parameter t. 
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Given the different demand equations, the equilibrium conditions for the markets for 
domestically produced goods are given by 
~-  n+3 } 
~) i ( ' ) [ )~=oXi j  + C i -Jt- Z i"  ~ i =O,  l . . . n (10)  Xi = OPi 
X~=CI; i=n+l ,n+2 (11) 
n+2 8.0K*O X j ; ,  (12) 
Xn+ 3 ~- I + ORs VZ-_o 
where C~+2 is the exogenously given public consumption and I is total net investments. 
At equilibrium, household consumption expenditure, E, must be equal to the factor 
incomes of the household sector less net taxes and household savings. Instead of 
specifying such an inequality explicitly, it is determined implicitly by a current account 
constraint. Thus, at equilibrium, the following expression holds: 
n n 1 -- 
PiZi = ,~=o P~[Mi + j~--o QjMj + D; (13) 
where Mj is the demand for complementary imports and D is" an exogenous variable 
representing net foreign transfers and net interest payments on foreign debt, expressed 
in domestic urrency. 
Finally, as capital and labor are supplied inelastically, the equilibrium conditions for 
the factor markets become 
~+2 OK~O X.; S '  (14) K ORj J 
n+2 ~ , /  x 
= x? ~y. .  L ~ aW- -s ,  (15) 
j=0 v vv  j 
where K is total capital supply and L is total labor supply. Altogether these expressions, 
after appropriate substitutions, yield 6n + 15 equations in the 6n + 15 unknowns: 
X0.. .  Xn+3, C0...Cn+l, Z t . . .  Zn; M0.. .  M~; P0...P~÷3; P0°... pO; E; W; and R. 
4. THE DYNAMIC MODEL 
In the dynamic model there is, at some point in time, a "history" of technology and 
investment decisions in the form of production units of different "vintages" in each 
sector. In each production unit the technological constraints are given by the ex post 
production function derived from the ex ante production function that existed at the 
time of investment. The profit function of production units of a particular vintage, in 
each sector, represents he relevant technological constraints as well as the behavior of 
producers. Thus, gross profits in production units of vintage v in sector j can be written 
Ilvj(t)=II~j(P*j(t),Wj(t);t) v=0,1 . . . t ;  j=0 ,1 . . .n+2 (16) 
where II~j(.) is the profit function of production units of vintage v in sector j, and where s 
1 n 
P* j ( t )=Pj ( t ) -~0pO(t )a~ ~- =~P,°.(t)a,j-Qj(t)bj; v=0,1 . . . t ; j=0 ,1 . . .n+2.  (17) 
g If Eq. (17) leads to P*~j(t) < 0 for some vintage, that equation is replaced by P*j = 0 for the vintage in question. 
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Except for the dating, the symbols have the same meaning as in the preceding section. 
Observe that the profit functions shift over time as a result of exogenously determined 
depreciation of the initially invested capital. However, not all depreciation is determined 
exogenously; employment reductions in excess of those corresponding to the exo- 
genously determined epreciation of old vintages can be interpreted as endogenously 
determined scrapping of inefficient production units. 
By Hotelling's lemma the profit-maximizing supply of domestically produced goods in 
period t and sector j is given by 
xj(t) = ~ orL~(-); ~=o OP* i  j=0 ,1 . . .n+2 (18) 
and by the same lemma the profit-maximizing demand for labor in period t and sector i
can be written 
Li(t) = ~=0 OvcV~ (19) 
Looking at the allocation of resources at a given point in time, these are the only 
essential differences between the static and the dynamic model. Observe that the 
specification of the dynamic model implies that the number of vintages increases over 
time. In the initial period there is only one vintage in each sector, but then a new vintage 
is introduced in each period. In the case where t is set equal to zero, the dynamic model 
simply becomes another "snapshot" model, differing from the static model by the fixed 
sectoral capital stocks and energy input coefficients. In the following, this version of the 
dynamic model will be called the "Short-Run Static Model." Table 1 gives a summary 
description of the three basic variants of the resource allocation model for a single 
period, say t. Where the models differ, the specification which applies to the Long-Run 
Static Model is indicated by LRS, while SRS and DYN indicate the specification adopted 
in the Short-Run Static Model and the Dynamic Model, respectively. A complete set of 
definitions of the symbols can be found in the Appendix. It should also be noted that in 
Table 1. Three alternative models of resource allocation in period t (see 
Appendix for definition of symbols). ~ 
Output supply 
SRS b 
DYN 
LRS c 
Input demand 
(a) Intermediate inputs 
SRS X#=a~jXj; i=0 ,1 . . .n ;  
f a~iiX~i ; i = O, 1 DYN Xij a~iXi ; i=2 ,3 . . .n  
I~X i ;  i=0 ,1  
LRS Xij = ~ aijXi i = 2, 3 . . .  n 
arij(.). X~= OP~ ' j=0 ,1 . . .n+2 
Xj ~ Op,i ~-~_ X~; j=0 ,1 . . .n+2 
n 
~ D Pj xj(Po, pD, Wj, Ri;t)+~,PDiaii+Qjbi; i=0 ,1 . . .n+2 
i=2 
j=0 ,1 . . .n+3 
j=0,1 . . .n+3 
]=O, l . . .n+3 
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Table 1. Continued 
(b) Labor 
allj(,). 
SRS L j=-  aWj ' j=0 ,1 . . .n+2 
6 onvJ(')= ~, L,. 
DYN LJ=~Z-'_- o -  W~. -~_~'~ , j=0 ,1 , . .n+2 
L aK~(-) y.. 
LRS ~J -  0Wi "'J' j=0 ,1 . . .n+2 
Household emand for composite goods 
Ci Ci(P~, D o = P I - . .P , ,P .+bE) ;  i=0 ,1 . . .n+l  
Export demand 
Zi=Zi (P~,pW;t ) ;  i= l ,2 . . .n  
Gross investments 
SRS I ~ exogenous 
DYN sY  = P,÷3I ~ + D 
n+2 
TG __ T j "~  dK JO  y .  
LRS " - ' -~  aRi "'J 
Definitions 
I 
p*~=p~-~. .p / °a~i j -~ .  P°ai j -Qjb~; j=0,1 . . .n+2 
i=0  i=2 
P ° = d~(P~, P~);  i=0 ,1 . . .n  
n 
P.+3 = ~, P~a,..+3 
i=2  
R i=P.+a($i+R);  ]=0,1 . . .n+2 
Wi=totW;  j=0 ,1 . . .n+2 
"As all variables apply for period t, the time indices have been left out. 
The models are SRS = The Short-Run Static Model, DYN = The Dynamic 
Model, and LRS = The Long-Run Static Model. 
hAs SRS is defined for the initial period only, production units can have 
only one vintage and consequently the vintage index is left out. 
CNote that b i ~ 0 for j = 0, 1 only. 
dNote that Z0 = 0. 
alternative versions of SRS and DYN, the wage rate is assumed to be given exo- 
genously. This means that the labor market equilibrium condition becomes an accounting 
relation, indicating the total demand for labor at a given wage level. 
In LRS, net investments (I) in the economy as a whole are determined exogenously, 
whereas this applies to gross investments (I ~) in SRS. In DYN, however, the level of 
gross investments is determined by an exogenously given gross savings ratio, s(t), in 
accordance with the equation 
s( t )Y( t )  = P,+3(t)IG(t) + D(t), (20) 
where Y(t)  is the gross national income at current (relative) prices. 
The creation of new vintages, however, is an important part of the dynamic model. 
The approach adopted in this part represents a quite significant simplication of what one 
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might consider a "realistic" approach. It is assumed that producers have expectations 
about future prices and that all producers have the same expectations. Thus, denoting 
expected prices by a tilde ('), the following expressions hold: 
#j(t) = #j(p~(t), #~(t)); 
P iD(t) = P~(P~(t ) ,  /5~(t)); 
Qi(t) = Qi(Qi(t), Q,(t)); 
rfC/(t) = l~¢j(W/(t), lzC/(t)); 
j = 0, 1 . . .  n +2 (21) 
i = 0, 1 . . .  n (22) 
j = O, 1 (23) 
j = O, 1 . . .  n +2 (24) 
where the caret (^) denotes exogenous variables. These are the price expectations held 
during period t, and will influence the design of production units put into operation in 
period t + 1. If the exogenous variables do not affect the expected prices, expectations 
are said to be static; an assumption about rational expectations can be modelled by a 
suitable choice of exogenous variables. Producers are likely to invest only if the 
expected unit cost does not exceed the expected unit price of the output. This rule is 
incorporated in the model in two stages. In the first step, a set of sectoral interest rates, 
rj(t), which satisfy the investment rule in each sector is determined by means of the ex 
ante unit cost function and the expected prices. Thus, the rj(t)'s are determined by the 
following equations: 
n 
Pi(t) = Ki(Po(t),P~(t),* "D "D fVj(t),_Rj(t);t)+ ,=~ /SD(t)a,j + 0jbj; 
where 
Ri(t) = P,+3(t)(Sj + ri(t)); j = O, 1 . . .  n + 2. 
j=O, 1 . . .n+2 (25) 
(26) 
By Shephard's lemma, the ex ante coefficients for labor, capital, fuels, and electricity are 
given by the partial derivatives of the ex ante cost functions evaluated at the expected 
prices. Thus, the energy input coefficients in production units designed in period t and 
put into operation in period t + 1 are determined by 
oK$(.) 
OpO =at÷l.ii; i=0 ,1 ;  j=0 ,1 . . .n+2 (27) 
The desired capital-output ratios are determined in a similar way, i.e., by the partial 
derivative of K* with respect o Ri, evaluated at the expected prices. 
The second stage is to allocate total investment over those sectors for which riO) is 
not lower than the market rate of interest, r(t). This is done by means of the equation 
{ cgK*(')8.X.tD[rj(t)~ j if r~(t)>-- r(t) 
I~(t)= aiqj ' '" "\r(t) J  
0 if rj(t) < r(t) 
j=O, 1 . . .n+l  
(28) 
where /i(t) is the total investment in sector j in period t. Public investments, 1 +2(0, 
however, are determined exogenously. Observe that when rj(t)= r(t), the existing 
capacity is maintained by replacement of depreciated capacity by new production units, 
and if r~(t)> r(t), the capacity in sector j is increased. The market rate of interest is 
determined in such a way that the market for investable funds is cleared. Thus, the 
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Table 2. The production sectors. 
Number a Sector 
Fuel production 
Electricity 
Import-competing dustries (food, textiles, etc.) 
Export-oriented nergy-intensive industries (paper and pulp, steel, etc.) 
Other export-oriented in ustries (mainly manufacturing) 
Sheltered industries, trade and private services 
Public sector 
Capital goods ector 
~Fhe number of sectors adopted means that n = 4. 
following expression holds: 
n+2 
I(t) = ~ t~(t). 
With this, the description of the models is complete. 
(29) 
5. IMPLEMENTATION 
In order to implement hese models, it is necessary to specify the functions K*(.), 
~b~(.), C~(-) and Z~(.). It is beyond the scope of this article to go into details of the 
choices actually made. Only a brief account can be given here, and the interested reader 
is referred to Bergman and Pot  [2]. 
The ex ante  unit cost functions K~(.) are derived from a nested Cobb-Douglas-CES 
production function. Thus there is a constant elasticity of substitution between a 
composite capital-labor input and a composite fuels-electricity input, defined by a CES 
function. The unit cost functions for composite goods, ~b~, are derived from a CES 
function defining composite goods. Finally, the household emand equations are derived 
from a linear expenditure system estimation on ten consumer commodity groups and a 
matrix defining the consumer commodity groups in terms of the composite goods and the 
domestically produced good n + 1. Given that the functional forms are specified, it 
remains to estimate the numerical values of all the parameters in the model. For a large 
number of these, primarily the input-output coefficients a~ i and bj, the estimation has to 
be based on one or a small number of observations. However,  time series are in general 
available for the estimation of the remaining parameters. The simulations discussed in 
the following section were based on Swedish data. The basic data source was an 
input-output able for 1975, aggregated to 8 sectors. The sectors thus defined are 
presented in Table 2. In addition, estimations of import price-elasticities and household 
demand equations were available. The assumption about the ex ante  elasticities of 
substitution between fuels and electricity and between composite capital-labor and 
composite fuels-electricity could not be directly based on econometric evidence. Lack- 
ing better information, all of these parameters were assumed to have the values 0.75, an 
assumption which seems reasonable in view of the econometric results presented in 
Pindyck [14]. 
6. THE IMPACT OF H IGHER ELECTRICITY COSTS: 
SOME SIMULATION RESULTS 
This section presents ome results obtained from simulations using the models. The 
purpose of the discussion is primarily to illustrate possible applications of the models, 
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but the simulations are also intended to clarify some issues of more general interest. The 
analysis concerns the impact of a 50% increase in electricity production costs, caused by 
a change in the values of the parameter b ~. 
First, the immediate impact of this change is investigated under various assumptions 
about the functioning of the economy, i.e., by means of various models of the system. 
Second, the impact of higher electricity costs on the economy 10 years after the initial shock 
is investigated. To summarize, the simulations are focused on two issues. First, to what 
extent do technological nd wage formation rigidities magnify the short-run impact of a 
sudden increase in electricity costs? Second, to what extent can short-run adjustment 
problems be disregarded in an analysis where the time horizon is extended over a decade? 
The initial situation is one of full equilibrium, determined by means of the static 
model on the basis of the 1975 Swedish input-output data. Then, still in the initial year, 
there is a sudden increase in real electricity costs of 50%. This could happen if the 
existing nuclear power stations were taken out of operation, and replaced by oil-fired 
power plants previously kept as reserve capacity in the power system. The immediate 
impact on the economy of this change in electricity costs is estimated under three 
different sets of assumptions. 
Case A. Sectoral capital stocks can be reallocated; capital, labor, fuels, and electricity are 
substitutable in accordance with the ex ante production functions; product and 
factor prices are flexible enough to clear all product and factor markets. 
Case B. Sectoral capital stocks and energy input coefficients are fixed in the short run, but 
the use of labor can be adjusted in accordance with the ex post production 
functions; prices and wages are flexible enough to clear all product markets and the 
labor market. 
Case C. The same as B, except hat the real wage rates are kept at the levels established 
prior to the electricity cost increase. 
It should be obvious that Case A is analyzed by means of LRS, Case B by SRS with 
market-clearing wages, and Case C by SRS with exogenously given wages. The main 
results are summarized in Table 3. 
The results suggest hat rigidities due to immobile capital and fixed energy input 
coefficients do not magnify the impact of a 50% electricity cost increase significantly, as 
long as wages are flexible enough to clear the labor market. However, when the real 
wage rates are completely rigid, such a change in electricity supply conditions leads to 
unemployment and quite a substantial reduction in the GNP. The main reason for this is 
that higher electricity prices can only be transferred to export prices to a very small 
degree. Thus, in Case C, the increase in electricity costs has to be counterbalanced by an 
increase in labor productivity. However, given the assumptions about the ex post 
Table 3. The calculated short-run impact of a 50% electricity cost increase 
(indices). 
Initial A B C 
GNP 100 98.5 98.4 94.8 
Electricity consumption 100 71.9 100.0 96.9 
Electricity consumption/GNP 100 73.0 101.6 102.2 
Wage level 100 97.9 95.4 100.0 
Employment level 100 100.0 100.0 94.9 
432 LARS BERGMAN 
technology, productivity increases in a given sector can only be achieved through 
reducing the number employed, i.e., by closing down the least efficient production units. 
On the other hand, in Case A and Case B the electricity cost increase is counterbalanced 
by a reduction in wages and profits sufficiently large to maintain full employment. Of 
course, there are also other alternatives. For instance, a deterioration i the current 
account balance can be temporarily accepted, marginal production units can be sub- 
sidized, etc., but these alternatives are not considered here. 
In the next step, the impact of the electricity cost increase after ten years of 
adjustment is analyzed. The overall rate of capital formation is the same in all cases, and 
some technical progress is assumed to take place. However, in order to ensure com- 
patability between the models, the technical progress is assumed to be entirely labor 
augmenting and apply to the whole labor force. Consequently, there is no distinction 
between vintages of capital in the dynamic model, only between vintages of production 
units, which differ in terms of the energy input coefficients. The rate of labor-augmenting 
technical progress is assumed to be 2.5% per annum, which leads to a "reference case" 
compatible with a recent long-term forecast made by the Ministry of Economic Affairs 
in Sweden. 
In the "long-run" analysis, Case A is analyzed using LRS, while Cases B and C are 
analyzed by means of DYN. Case C is divided into two cases, in both of which the real 
wage rigidity is assumed to persist for only two years followed by full flexibility of real 
wages thereafter. The difference between the cases is that in C' the production units 
which could not cover their operating costs at the initial real wage rate and the higher 
electricity price are somehow kept in business until the real wages are adjusted 
downwards. Thus, in this case, real wage rate reductions induce higher employment and 
production. In Case C", however, the unprofitable production units are assumed to close 
down immediately after the electricity cost increases. In the model analysis this is 
specified as a "floor" for real wages. It is assumed that the real wage rate can never fall 
below the initial level, which means that workers can only be employed in production 
units efficient enough to be able to cover operating costs at the new electricity prices and 
real wages at least as high as the initial real wages. 
The main results are displayed in Table 4. In terms of GNP figures, A, B, and C' 
clearly differ from C". Thus, if an initial rigidity in the wage formation process leads to 
excessive reductions in capacity, an unexpected electricity cost increase can have a 
lasting impact on the economy. If, on the other hand, such short-run rigidities only result 
in temporary excess capacity, their effects lose much of their significance if the time 
horizon of the analysis is extended to a decade. 
These findings are potentially quite important from the point of view of building 
economic models. They suggest hat, provided there are no "shocks" displacing the 
economy significantly from equilibrium and that the time horizon of the analysis is at 
least ten years, the payoff for the resources put into the development of a complicated 
model, such as DYN, might be rather limited. A relatively simple model, such as LRS, 
might be sufficiently good for analyses of resource allocation in such cases. To analyze 
Table 4. The calculated impact of a 50% electricity cost increase 10 years after it 
has taken place (indices). 
Reference 
case A B C' C" 
GNP 100 98.5 98.5 98.5 96.8 
Electricity consumption 100 71.5 88.6 89.4 90.2 
Electricity consumption/GNP 100 72.6 89.9 90.8 93.2 
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the immediate or short-run impact of changes in exogenous conditions, however, models 
which take into account rigidities affecting the short-run functioning of the economy 
seem to be necessary. 
At first sight, it appears that slightly different conclusions hould be drawn from the 
results for electricity consumption: here, Case A differs significantly from the other 
cases. However, additional simulations with the LRS model showed that an appropriate 
choice of elasticities of substitution in the ex ante  production functions brought he 
calculated electricity consumption i Case A close to the corresponding results in the 
other cases, without noticeably affecting the other results. It therefore appears that the 
technological rigidities limiting energy substitutability can be modelled by a suitable 
choice of elasticity-of-substitution parameters in the ex ante  production functions. 
7. CONCLUDING REMARKS 
It should be noted that the specification of the export functions and the current 
account constraint implies that the home country has some autonomy in the pricing of its 
exports. Whether or not a significant deviation between domestic production costs and 
world market prices, i.e., between P~ and p W, tends to emerge, depends on the 
parameters of the export functions and the type of simulations that are carried out. As 
such deviations are not consistent with the notion of a "small open economy," some 
combinations of parameter values would necessitate a respecification of the foreign 
trade part of the model. If this were not done, the model would indicate terms-of-trade 
gains of the optimum tariff type from, for instance, domestic energy cost increases. Such 
effects did not, however, appear in the analysis presented here. 
However, if a respecification f the model is regarded as necessary, it can be carried 
out along the following lines. The total output in sector j is assumed to consist of an 
aggregate of a large number of goods. The price Pj is taken to be the price index of this 
aggregate. Some of the goods in the aggregate are exported at given world market prices. 
The price index P ~Y is taken to be the price index of the aggregate of goods exported 
from sector j. Using the same symbols as before, the value of total output from sector j
can now be written 
= PTzj + eT{x j  - z j} ,  
where P~ is the price index of nonexported goods produced in sector j. The current 
account constraint should be written 
n n 1 
= P = .X_o= P ÷ ,__Xo. + D, 
i.e., exports are valued at world market prices rather than domestic producer prices. 
Moreover, once the price PiN has been defined, the price of composite goods used within 
the country becomes 
PF = 
Thus, the model can be made perfectly consistent with the usual "small economy" 
assumptions, i.e., optimum tariff effects can be completely avoided. Moreover, the two 
specifications can be combined, i.e., the standard specification can be adopted for some 
sectors and the alternative specification for others. 
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APPENDIX  
Definition o[ symbols used in Table 1 
A. Endogenous variables: 
Xj gross output in sector j = 0, 1 . . .  n + 3; 
X~j use of composite good i = 0, 1 . . .  n in sector j = 0, 1 . . .  n + 3; 
Lj use of labor in sector j = 0, 1 . . .  n + 2; 
16 total gross investments; 
C~ household consumption ofcomposite good i = 0, 1 . . .  n or the domestically produced good i = n + 1; 
E total household consumption expenditures; 
Z~ export of domestically produced good i = 1, 2 . . .  n ; 
M_~ competing imports of good i = 0, 1 . . .  n; 
Mj complementary imports to sector j = 0, 1; 
P~ price of domestically produced good i = 0, 1 . . .  n + 3; 
P ~ value added per unit of output in vintage v = 0, 1 . . .  t in sector j = 0, 1 . . .  n + 2; 
P~ price of composite good i = 0, 1 . . .  n; 
Wj wage rate in sector j = 0, 1 . . .  n + 2; 
W index of the level of wages in the economy as a whole; 
Rj user cost of capital in sector j = 0, 1 . . .  n + 2; 
R real rate of return on capital; 
Y gross national income. 
B. Exogenous variables 
L supply of labor; 
K supply of capital; 
I net investments in the economy as a whole; 
C~+2 public consumption; 
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P~,P~ world market price in the domestic currency unit, c.i.f, and f.o.b., respectively, of good i=  
0 ,1 . . .n ;  
Qi world market price, in the domestic urrency unit, of complementary imports to sector j = 0, 1; 
D sum of net foreign transfers and net interest payments on foreign debt. 
C. Parameters 
a~j(a~ii) input of composite good i = 0, 1 . . .  n per unit of output (production units of vintage v = 0, 1 . . .  t) 
in sector j = 0, 1 . . .  n + 3; 
bj input of complementary imports per unit of output in sector j = 0, I . . .  n + 3; 
~oj wage rate in sector j = 0, I . . .  n + 2 deflated by the index of the general wage level; 
annual rate of depreciation of capital in sector j = 0, 1 . . .  n + 2; 
s the gross savings ratio in the economy as a whore, 
